including a sample of UK men and women in whom the technique was shown to explain 41% of the variance in free-living PAEE as well as no mean bias (26). The wrist accelerometer data was processed using pampro, an open-source software package 1 4 1 (27). The triaxial acceleration was auto-calibrated to local gravitational acceleration using a 1 4 2 method described elsewhere (28). Non-wear time was defined as time periods where the hour, inferring that the device was completely stationary (29) . When a non-wear period was To isolate the movement-related acceleration, we also applied a high-pass Butterworth filter mg) (7, 29) . VM HPF is commonly used as a proxy of acceleration resulting from human following analyses.
When movement-related acceleration is removed by a low-pass filter (0.2 Hertz) to each of measurement of the rotated gravitational field vector which can then be used to determine the
accelerometer's pitch and roll orientation angles. Pitch and roll of the device were derived 1 6 1 according to these formulae:
As the monitor was mounted in such a way that the X-axis was aligned in anatomically opposite directions for left-and right-handed participants, we multiplied it by -1 for all left- All derived signals were summarized to a common time resolution of one observation per hour. This window length was chosen since we were mostly interested in observing changes at a diurnal level, rather than variations within the hour. Using the combined-sensing measurements, participants were stratified by average activity each day of the week and then averaged, allowing us to generate a picture of changes in
behaviour over the course of the week. Similarly, we calculated estimates of time spent in sedentary (i.e. sitting or reclining) by ) as the cut-off for sedentary behaviour (7). Data in lower latitudes,
that is, less than -15° from the horizontal, suggest hanging of the arm, associated to standing Using the diurnal profiles derived from the cohort, we studied differences based on sex, age,
activity levels, BMI and time of the day.
Statistical analyses
We computed descriptive statistics (mean, median, standard deviation, minimum, maximum
and variance) for the participants in this analysis. We examined wear-time distributions using
the Friedman test for time-of-day (00:00-05:59, 06:00-11:59, and so on in six-hour periods)
and tested the differences in weekdays versus weekend days using Wilcoxon signed ranks.
These tests were performed in men and women separately. Mean acceleration differences 1 9 7
(VM HPF) were examined using ANOVA for time of the day and day of the week. Differences between men and women are shown by using box plots, providing information
about the median, inter-quartile range, minimum and maximum. We analysed the differences group and PAEE levels. These summary statistics were computed at an hourly level after
collapsing information derived on a fifteen-second time window.
Furthermore, we tested for differences in time spent in sedentary time across the different 2 0 6 BMI populations using 3-way ANOVA and adjusting for age and sex. Statistical tests were performed using Python (3.6.2) and Stata (v14, StataCorp, TX, USA). Among the 2043 participants, a total of 286,020 person-hours were included in our analysis,
or an average of 5.8 days per participant. As shown in Table 1 , PAEE was higher in men 2 1 2 although both groups had large standard deviations. However, wrist movement was similar
between genders but mean BMI was larger in men than in women for this cohort. reflected by a pitch >60°, or the radial (thumb) side of the arm turned inwards and 2 2 5 downwards as indicated by less roll data below -45°. Figure 2B and 2C shows the differences 2 2 6 among different age groups for average sedentary time and PAEE respectively. PAEE 2 2 7 declines with age in both men and women, and there is a tendency for the wrist measure of women, there is almost no difference between groups in men; differences in wrist movement, 2 3 7 however, are very clear in both genders. time-lapses is presented in figure 4 at four times of the day. 
data.
2 5 9 Figure 5 shows the distribution of pitch, roll, and movement intensity across the day, 2 6 0 stratified by sex and age group. We observe differences between age groups within sex, but 2 6 1 also differences between men and women within age groups. Most differences between men 2 6 2 and women occur during the working hours (8 AM to 6PM) of the day, with little differences hours. Some of the biggest differences between age groups in both sexes happen during the 2 6 5 early hours of the morning and late hours of the evening. Arm angles differ more between 2 6 6 17 age groups in men (lower pitch in older during working hours), and gender differences in 2 6 7 pitch and roll profiles are most apparent among the 35-40 age group. is minimal, but they differ from the diurnal profiles at the weekend and particularly among 2 7 3 sexes. A visible shift on weekend days towards later hours of the morning suggests a "later (around -10°) in parallel to highest level of movement; pitch in women is also lower in the weekend but only to the weekday level of the men (around -5°) but with a similar level of The differences in mean VM HPF between the different BMI groups are striking with obese 2 8 5 individuals moving considerably less than normal-weight but equally notable are differences We observed differences between men and women across most other substrata for both (from vector magnitude and pitch), largely based on the methodology previously described whole population (~17 hours/day). However, younger individuals tended to spend less time than their older counterparts in these sedentary behaviours (suggesting more active lifestyles), higher BMI spent the most time in sedentary behaviours, and we statistically confirmed that 3 6 0 this was independent of age and sex. Movement and PAEE were both lower in the older age groups, a similar result to that 3 6 2 observed in other population studies (2, 32, 33) . We observed that older participants (60-65 3 6 3
